The crystal and molecular structures of the title molecular salts, C 4 À , (III), are described. The common feature of these salts is the presence of the 2-amino-4-nitrobenzoate anion, which exhibit non-chemically significant variations in the conformational relationships between the carboxylate and nitro groups, and between these and the benzene rings they are connected to. The number of ammonium-N-H H atoms in the cations increases from one to three in (I) to (III), respectively, and this variation significantly influences the supramolecular aggregation patterns in the respective crystals. Thus, a linear supramolecular chain along [100] sustained by charge-assisted tertiary-ammonium-N-HÁ Á ÁO(carboxylate), hydroxy-O-HÁ Á ÁO(carboxylate) and amino-N-HÁ Á ÁO(carboxylate) hydrogen-bonds is apparent in the crystal of (I). Chains are connected into a three-dimensional architecture by methyl-C-HÁ Á ÁO(hydroxy) and -interactions, the latter between benzene rings [intercentroid separation = 3.5796 (10) Å ]. In the crystal of (II), a supramolecular tube propagating along [901] arises as a result of charge-assisted secondaryammonium-N-HÁ Á ÁO(carboxylate) and hydroxy-O-HÁ Á ÁO(carboxylate) hydrogen-bonding. These are connected by methylene-and methyl-C-HÁ Á ÁO(nitro) and -stacking between benzene rings [inter-centroid separation = 3.5226 (10) Å ]. Finally, double-layers parallel to (100) sustained by charge-assisted ammonium-N-HÁ Á ÁO(carboxylate), ammonium-N-HÁ Á Á O(hydroxy) and hydroxy-O-HÁ Á ÁO(carboxylate) hydrogen-bonds are apparent in the crystal of (III). These are connected in a three-dimensional architecture by amine-N-HÁ Á ÁO(nitro) hydrogen-bonds.
Chemical context
Despite being tetramorphic (Wardell & Tiekink, 2011; , readily forming co-crystals (Wardell & Tiekink, 2011) and providing systematic series of crystals of alkali metal, e.g. Na + , K + (Smith, 2013) , Rb + (Smith, 2014a) and Cs + (Smith & Wermuth, 2011) , and ammonium salts, see below, studies of the relatively small benzoic acid derivative, 2-amino-4-nitrobenzoic acid, are still comparatively limited. Most crystallographic investigations of the acid have focused upon an evaluation of the hydrogen-bonding propensities occurring in derived ammonium salts of the 2-amino-4-nitrobenzoate anion. Thus, studies have been described with a range of salts, starting with the simplest, i.e. N (+) H 4 (Smith, 2014b) , H 2 NN (+) H 3 (Wardell et al., 2017) and ISSN 2056-9890 (H 2 N) 2 C N (+) H 2 (Smith et al., 2007) to R 2 N (+) H 2 , i.e. R = Me, n-Bu , cyclohexyl (Smith et al., 2004) and R 2 = (CH 2 CH 2 ) 2 O (Smith & Lynch, 2016) , and more complicated ammonium cations such as 4-(4-acetylphenyl)piperazin-1-ium (Jotani et al., 2018) and the dication, H 3 N (+) CH 2 CH 2 N (+) H 3 (Smith et al., 2002) . As a continuation of on-going interest in this area, the results of co-crystallization experiments between 2-amino-4-nitrobenzoic acid (LH) and amines substituted with hydroxy groups, i.e. each of Me 2 N(CH 2 CH 2 OH), (t-Bu)N(H)CH 2 CH 2 OH and (HOCH 2 ) 3 CNH 2 are described whereupon the anhydrous 1:1 salts, i.e. [Me 2 N (+) H(CH 2-CH 2 OH)]L (I), [(t-Bu) (+) H 3 ]L (III), were isolated. Herein, a description of the crystal and molecular structures of (I)-(III) are presented.
Structural commentary
The molecular structures of the constituent ions in (I) are shown in Fig. 1 and selected geometric data for this and for (II) and (III), are collected in Table 1 . That proton transfer occurred during co-crystallization is confirmed by the experimental equivalence of the C7 . . . O1, O2 bond lengths of 1.270 (2) and 1.258 (2) Å , respectively, in the 2-amino-4-nitrobenzoate anion and in the pattern of hydrogen-bonding interactions, as described below in Supramolecular features. In the anion, the carboxylate group is tilted out of the plane of the benzene ring to which it is connected with the dihedral angle being 6.7 (3) . Similarly, the nitro group lies out of the plane of the benzene ring, forming a dihedral angle of 6.6 (3)
. A dis-rotatory relationship between the carboxylate and nitro substituents is indicated by the dihedral angle between them of 11.5 (4)
. An intramolecular amine-N1-HÁ Á Á O1(carboxylate) hydrogen-bond is noted which closes an S(6) loop, Table 2. In the Me 2 N (+) (H)CH 2 CH 2 OH cation, the N3-C8-C9-O5 torsion angle of À71. 15 (19) is indicative of a Àsyn-clinal conformation.
The anion in (II), Fig. 2 , presents essentially the same features as just described for (I), Tables 1 and 3 , with the exception of the con-rotatory relationship between the carboxylate and nitro substituents. The (t-Bu)N (+) H 2 (CH 2-CH 2 OH) cation is relatively rare, being reported for the first time in its salt with sulfathiazolate only in 2012 (Arman et The molecular structures of the ions comprising the asymmetric unit of (II) showing the atom-labelling scheme and displacement ellipsoids at the 70% probability level. The dashed line indicates a hydrogen bond.
Figure 3
The molecular structures of the ions comprising the asymmetric unit of (III) showing the atom-labelling scheme and displacement ellipsoids at the 70% probability level.
Figure 1
The molecular structures of the ions comprising the asymmetric unit of (I) showing the atom-labelling scheme and displacement ellipsoids at the 70% probability level. Dashed lines indicate a hydrogen bonds.
2012). As for the cation in (I), the N3-C12-C13-O5 torsion angle for the cation in (II) of À55.18 (18) is indicative of a Àsyn-clinal conformation.
The anion in (III), Fig. 3 , exhibits the greatest twist between the carboxylate and benzene groups among the series but, a con-rotatory relationship between the carboxylate and nitro substituents means the dihedral angle between them is not as great as in the anion of (I), Tables 1 and 4. The (HOCH 2 ) 3 CN (+) H 3 cation exhibits N3-C8-C9-O5, N3-C8-C10-O6 and N3-C8-C11-O7 torsion angles of À59.01 (18), À49.84 (19) and À58.12 (18) , respectively, indicating Àsyn-clinal relationships.
Supramolecular features
As expected from the chemical compositions of (I)-(III), significant charge-assisted hydrogen-bonding is apparent in their respective crystals. Geometric data characterizing these and other identified interactions are collated in Tables 2-4,  respectively. As indicated in Fig. 1 , the anion and cation in (I) are linked via charge-assisted ammonium-N3-HÁ Á ÁO(carboxylate) and hydroxy-O-HÁ Á ÁO(carboxylate) hydrogen-bonds to form a nine-membered {Á Á ÁOCOÁ Á ÁHNC 2 OH} heterosynthon. These are connected into a linear, supramolecular chain along the a-axis direction via amino-N-HÁ Á ÁO(carboxylate) hydrogenbonds, Fig. 4(a) Figure 5 In the crystal of (II), the charge-assisted ammonium-N3-HÁ Á ÁO(carboxylate) and hydroxy-O-HÁ Á ÁO(carboxylate) hydrogen-bonds, that lead to the formation of a ninemembered {Á Á ÁOCOÁ Á ÁHNC 2 OH} heterosynthon, observed in (I) persist, Fig. 5(a) . However, in (II), through the agency of having two ammonium-N-H H atoms, the second H atom bridges a neighbouring carboxylate-O2 atom leading to the formation of a supramolecular tube, as highlighted in Fig. 5 Hydrogen-bond geometry (Å , ) for (I). Table 3 Hydrogen-bond geometry (Å , ) for (II). (2) 1.92 (2) 2.7546 (18) 173 (2) 
Table 4
Hydrogen-bond geometry (Å , ) for (III). (2) 2.07 (2) 2.8905 (18) 164 (2) Symmetry codes:
proximate and, indeed, they interact via -stacking with the inter-centroid separation being 3.4944 (9) Å (symmetry operation: 1 À x, y, 1 2 À z). The carboxylate-O2 atom forms two hydrogen-bonds. The connections between the tubes are of the type methylene-and methyl-C-HÁ Á ÁO(nitro), involving both nitro-O atoms, as well as -stacking between benzene rings [inter-centroid separation = 3.5226 (10) Å for symmetry operation: 1 À x, 1 À y, Àz]. A view of the unit-cell contents is shown in Fig. 5(c) , highlighting the intra-and inter-tubestacking along the c-axis direction.
In the crystal of (III), supramolecular double-layers in the bc-plane are formed as a result of charge-assisted ammonium-N3-HÁ Á ÁO(carboxylate), ammonium-N3-HÁ Á ÁO(hydroxy) and hydroxy-O-HÁ Á ÁO(carboxylate) hydrogen-bonds. The ammonium-N3-H3N atom is bifurcated, forming two weak ammonium-N3-HÁ Á ÁO(hydroxy) hydrogen-bonds. A view normal to the plane of the double-layer and a side-on view are shown in Fig. 6 (a) and (b), respectively. From the latter, the intra-layer region comprises the ammonium groups, each of which forms four N-HÁ Á ÁO hydrogen-bonds to carboxylate and hydroxy groups on either side. Each hydroxy group of the cation forms a hydroxy-O-HÁ Á ÁO(carboxylate) hydrogenbond with a carboxylate-O atom derived from a different anion, and each accepts an ammonium-N-H atom derived from a different cation. Each carboxylate-O atom forms two hydrogen-bonds, the O1 accepts hydrogen-bonds from different hydroxy groups, and the O2 atom accept hydrogenbonds from hydroxy and ammonium groups. Projecting to either side of the double-layer are the nitrobenzene groups, Fig. 6 (c) and (d). These provide the links to construct the three-dimensional architecture, i.e. via amine-N-HÁ Á Á O(nitro) interactions, involving both nitro-O atoms.
The obvious trend from the present study is the increase in dimensionality of the supramolecular aggregation pattern, i.e. chain in (I), tube in (II) and double-layer in (III), as the number of acidic ammonium-N-H atoms increases.
Database survey
As indicated in the Chemical context, a number of ammonium salts of the anion derived from 2-amino-4-nitrobenzoic acid have now been described. The key conformational indicators for the anion are the dihedral angles formed between CO 2 /C 6 / NO 2 . The smallest dihedral angles between the CO 2 /C 6 , C 6 / NO 2 and CO 2 /NO 2 pairs of least-squares planes of 3.44 (14), 0.69 (11) (Wardell et al., 2017) salts, respectively. The respective dihedral angles in (I)-(III), described herein, fall within these ranges.
Synthesis and crystallization
Preparation of dimethyl(2-hydroxyethyl)ammonium 2-amino-4-nitrobenzoate (I). To a solution of 2-amino-4-nitrobenzoic acid (1 mmol) in methanol (10 ml) was added a solution of dimethyl(2-hydroxyethyl)amine (1 mmol) in methanol (10 ml). The reaction mixture was refluxed for 15 mins, and then maintained at room temperature. Crystals of (I) were collected after three days. 1632, 1537, 1433, 1381, 1346, 1329, 1279, 1263, 1209, 1140, 1099, 1072, 1022, 918, 858, 823, 785, 731, 692, 684, 577, 513, 486 .
Preparation of tert-butyl(2-hydroxyethyl)ammonium 2-amino-4-nitrobenzoate (II). To a solution of 2-amino-4-nitrobenzoic acid (1 mmol) in methanol (10 ml) was added a solution of tert-butyl(2-hydroxyethyl)amine (1 mmol) in methanol (10 ml). The reaction mixture was refluxed for 15 mins, and then maintained at room temperature. Crystals of (II) were collected after 3 days. M.p. 3430, 3327, 3224, 2968, 2810), 1640, 1446, 1370, 1351, 1329, 1269, 1221 1137, 1085, 1034, 858, 8245, 739, 687, 587. Preparation of tris(hydroxymethyl)methylammonium 2-amino-4-nitrobenzoate (III): To a solution of 2-amino-4-nitrobenzoic acid (1 mmol) in ethanol (10 ml) was added a solution of tris(hydroxymethyl)methylamine (1 mmol) in ethanol (10 ml). The reaction mixture was refluxed for 10 mins, and then maintained at room temperature. Crystals of (III) were collected after two days. M.p. 460-463 K. Anal. calcd.: C, 51.06; H, 5.71, N, 14.89. Found: C, 50.94; H, 5.80 ; N, 14.79% IR (KBr, cm À1 ): 3700-2400 (br, s, with maxima at 3514, 3477, 3398, 3314, 3256, 3078, 2823 and 2538), 1647, 1431, 1350 1250, 1146, 1115, 1063, 1010, 872, 827, 736, 689, 596, 578 511, 484, 1549, 1356. 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 5 . Carbon-bound H atoms were placed in calculated positions (C-H = 0.95-0.99 Å ) and were included in the refinement in the riding-model approximation, with U iso (H) set to 1.2-1.5U eq (C). The O-and N-bound H atoms were located from difference maps, but refined with O-H = 0.84AE0.01 Å and U iso (H) = 1.5U eq (O), and with N-H = 0.86-0.88AE0.01 Å and U iso (H) = 1.2U eq (N), respectively. In the refinement of (II), owing to poor agreement, a reflection, i.e. (0 2 0), was omitted from the final cycles of refinement. Crystal structures of the 1:1 salts of 2-amino-4-nitrobenzoate with each of (2-hydroxyethyl)dimethylazanium, tert-butyl(2-hydroxyethyl)azanium and 1,3-dihydroxy-2-(hydroxymethyl)propan-2-aminium James L. Wardell and Edward R. T. Tiekink
Computing details
For all structures, data collection: COLLECT (Hooft, 1998 ); cell refinement: DENZO (Otwinowski & Minor, 1997) and Hooft, 1998) ; data reduction: DENZO (Otwinowski & Minor, 1997) and COLLECT (Hooft, 1998 );
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) and DIAMOND (Brandenburg, 2006) ; software used to prepare material for publication: publCIF (Westrip, 2010) .
2-Amino-4-nitrobenzoate (2-hydroxyethyl)dimethylazanium (I)
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

2-Amino-4-nitrobenzoate tert-butyl(2-hydroxyethyl)azanium (II)
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å
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